ABSTRACT Several cases of parkinsonism were found in a ferromanganese smelter after the ventilation system had broken down and had not been repaired for eight months in 1985. To determine the aetiology and prevalence of parkinsonism, 132 workers were submitted to thorough medical examination and estimated air concentrations of carbon monoxide and manganese at different worksites. Only six of eight workers performing electrode fixation or welding during 1985 developed parkinsonism. They were exposed for 30 minutes each day, seven days a week, to high concentrations of air manganese (> 28-8 mg/m3). There was a consistent trend between the index of exposure to manganese and signs and symptoms exhibited by extrapyramidal systems. After repair of the ventilation system, the air concentration of manganese during electrode fixation and welding decreased to less than 4-4 mg/m3; furthermore, no new cases of parkinsonism have been observed. Workers with parkinsonism recovered partially after removal from original worksites and treatment with levodopa. It is concluded that the outbreak resulted from exposure to high concentrations of manganese fumes through the breakdown of the ventilation system.
In October 1985 a 44 year old ferromanganese smelting worker attended the Chang-Gung Memorial Hospital department of neurology complaining primarily of spastic gait. He had a mask like face, a reduced rate of blinking, clumsiness, micrographia, and bradykinesia. Parkinsonism was diagnosed. Because several other coworkers exhibited similar symptoms, and parkinsonism has been reported to be associated with exposure to manganese,'4 we decided to study the aetiology and prevalence of parkinsonism among workers at this factory.
Material and methods
The factory has been operating for 18 years and consists of three major departments: the ferromanganese smelting, foundry, and management office. During 1983, the ventilation systems (particularly the Accepted 25 January 1989 air cleaning device) of the three furnaces of the smelting department were not in good working order.
The owner ordered a new system and removed the old one in December 1984 but did not discontinue smelting operations. Owing to delays in the installation of the new equipment, workers were subsequently exposed to raised concentrations of manganese. Workers were classified into four groups according to the probability of exposure to manganese at their occupations: degree 0, office, designing, and packaging workers; degree 1, foundry, foundry related, nonfurnace maintenance workers, and metal cutters; degree 2, furnacemen; and degree 3, furnace foremen and maintenance workers. Air samples were collected using personal and area samplers. Manganese concentrations were estimated by graphite furnace atomic absorption spectrometry,9 and carbon monoxide concentrations by direct reading from a Kitagawa COM-4 carbon monoxide analyser.
Each of the 132 workers in the factory underwent a the other workers. Furnacemen (degree 2) were exposed to 0-5-1-5 mg/m3 manganese, whereas foundry workers who worked in a separate building were exposed to only 0-1 mg/m3. We did not measure manganese concentrations in the management office but exposure was probably even less. 857 Table 2 shows that the blood manganese concentration increased with exposure. manganese concentration above 20 pg/l; this is partially explained by the fact that these four workers were occasionally required to enter high exposure work areas. These results concur with data from rats and monkeys'7 and from other manganese workers.'8 Blood manganese concentration may therefore be used as an indicator of current environmental exposure but not of chronic exposure. Although some authors have tried to explain individual susceptibility to manganese as the result of nutritional deficiency and variation in absorption efficiency due to conditions such as anaemia'9 and low albumin/globulin ratios,20 we did not find any evidence of abnormal concentrations or albumin/globulin ratios among the cases with parkinsonism when compared with degree 2 workers or other (non-parkinsonism) degree 3 workers.
On completion of the epidemiological study, the factory owner responded and took action to enhance dilutional ventilation and implement a new system of local ventilation. Subsequently, air manganese concentrations were usually below 1 6-2-1 mg/m3, with short term concentrations of around 2-9 mg/m3 during the electrode welding operation; the foremen were exposed to 4-4 mg/m3 manganese while they operated on the electrodes. There have been no new cases of parkinsonism since implementation of the protective measures. The workers with parkinsonism were removed from their original jobs and treated with Manganese inducedparkinsonism levodopa, which appeared to improve the neurological symptoms by 50%, as measured by the modified
